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The present  study concerns the relationship between neomycin protection 
against choline deficiency cirrhosis and the cancellation of this protection by 
orally fed endotoxin. 
Rats  fed diets which  produce  liver necrosis or  cirrhosis are  protected  by 
antibiotic supplementation (1, 2). Loss of this protection is correlated with the 
development of an intestinal flora resistant to the antibiotic. Recently, non- 
absorbable  antimicrobials have been  shown to  be more  efficacious  than ab- 
sorbable agents in delaying the onset of fibrosis and cirrhosis in rats fed choline- 
deficient diets.  It  was  concluded  that  the  intestinal micro  flora were  largely 
responsible  for  the  development  of  experimental  cirrhosis  in  rats  and  that 
antibiotic protection was exclusive of the systemic activity of antibiotics (3, 4). 
However, the role of the microflora or products thereof has not been  entirely 
delineated. An alternative interpretation considers the  nutrient sparing and 
growth promoting activity of the antibiotics as the major factor in protection. 
Hence adult animals, which do not benefit from the growth promoting effects 
of antibiotics, were used in this present study in order to better evaluate the 
protection afforded by neomycin feeding. 
Methods 
Seventy-two adult male Charles River CD rats were divided into two major groupings and 
fed a choline-deficient diet or a  choline-supplemented diet (Table I)  for 350 days. Animals 
were further subdivided into groups having a mean weight of 472 gm and were fed tap water 
alone or tap water containing 24 mg per cent neomycin or Salmonella typhosa endotoxin (Difco 
Laboratories, Inc., Detroit) 6 mg per cent, or both administered ad lib. as indicated (Table II). 
Data from a similar study, which was terminated after 250 days and in which the concentra- 
tion of endotoxin was reduced to 1 mg per cent, are also included. 
To control bacterial pyrogen contamination, periodic counts were conducted of total viable 
633 634  CHOLINE  DEFICIENCY  CIRRHOSIS 
TABLE  I 
Composition of Dias 
Choline-deficient diet*  Gm per 100 gm of diet 
Beef fat ............................................... 
Corn oil ............................................... 
Peanut meal ........................................... 
Gelatin ............................................... 
Casein (vitamin-free) ................................... 
Fibrin ................................................ 
Sucrose ............................................... 
Vitamin powders ...................................... 
Cod liver oil ........................................... 
Cystine ............................................... 
Salts§ ................................................ 
Cellulose flour ......................................... 
r 
20.0 
2.0 
12.0 
6.0 
3.0 
1.0 
47.5 
1.0 
0.015 
0.5 
5.0 
2.0 
Control diet: above plus a  per cent choline chloride supplement 
Total fat content of diet by assay (6)  =  28.19 per cent. 
* Modified from W. S. Hartroft (5). 
S Vitamin powder per 1000 gm; thiamine 500 rag; riboflavin, 250 rag; pyridoxine, 200 rag; 
calcium pantothenate, 1 gm; nicotinic acid, 1 gin; vitamin-free casein, 997.05 gm; alpha tocoph- 
erol acetate, added in corn oil 0.0006 gm/100 gm diet. 
§ Salts per 100 gin; Ca(CsHsO2)v5H20,  35 gin; CaCOa,  5.06 gin; Ca(I-I~PO4).H~O,  14.60 
gm; K2HPO4, 6.46 gin; NaH2PO4.IffaO,  18.76 gin; NaC1, 9.34 gm; MgSO4, 7.18 gin; ZnSO4, 
0.035 gin; CuSO4-3H20, 0.039 gm; KI, 0.00039 gin; Fecitrate, 3.2 gin; MnSOc I-I~O, 0.33 gm. 
TABLE  II 
Experime~a~ Groups 
No./group  Control 
C* 
CE$ 
CN§ 
CNE 
No./group 
12 
12 
12 
12 
Choline-deficlent 
D 
DE 
DN 
DNE 
* Above diet plus 1 per cent choline supplement. 
S Endotoxin S. typhosa (Difco Laboratories Inc.) 6 mg per cent in drinking water. 
§ Neomycin 24 mg per cent in drinking water. 
organisms and coliform organisms present in the food and water supplies. Stock quantities of 
diet,  antibiotic,  and  endotoxin supplements were prepared in  small  batches stored in  the 
refrigerator at 4°C and dispensed daily. 
Animals were housed in individual raised cages, maintained at a  constant temperature of 
70  °  ±  I°C, and weighed weekly. Food intake was measured for 4  successive days at 90-day 
intervals. After 4 months a fat balance study, using the method of Van de Kamer (6) for fecal 
fat determination, was performed on 3-day stool collections from each animal. At the termina- S.  A.  BROITMAN, L.  S.  GOTTLIEB, AND  N.  ZAMCHECK  635 
tion of each study the animals were killed by decapitation, the livers removed and weighed, 
and slices were fixed in 10 per cent neutral buffered formalin. Paraffin sections were stained 
with hematoxylin and eosin, and Mallory trichrome stain. Histologic  sections were coded and 
graded as to extend of fatty metamorphosis, presence of fibrosis, and  the development of 
cirrhosis on a 1+ to 4+ basis by 2 investigators working independently. 
TExT-Fro. 1. Only animals surviving the entire 350 days of the experiment are included. 
RESULTS 
Weight  Changes.--Mean  values for the weight changes observed in surviving 
animals fed  the  choline-deficient  and  control  diets  are  shown in  Text-fig.  1. 
No  significant  differences  were  observed among maximal  weights  or  among 
final weights in  the various groups fed a  control diet or control diets supple- 
mented with neomycin and/or endotoxin; for convenience all control animals 
are grouped  together  (C).  At approximately 8  months from the start of the 
study  control animals reached  a  mean maximum weight  of  750  gm starting 
from an initial weight of 472 gm. A minimal decline in weight was noted over 
the last 4 months of the study when approximately 10 per cent of the rats in 
this group lost more than 20 gm (limit of weighing accuracy with animal weigh- 
ing balances) of weight from maximal weight. In contrast, animals fed a choline- 
deficient  (D) diet alone exhibited a  mean maximum weight gain (observed at 
8 months) which was slightly greater than that of the controls. Subsequently 
60 per cent of the rats in  this group experienced a  mean weight loss of over 
100 gm.  Similar findings were noted in  the group fed a  deficient diet supple- 
mented with oral endotoxin (DE). When animals fed the choline-deficient diet 
were supplemented with neomycin (DN) their mean final weight was approxi- 
mately 75 gm greater than that of the rats fed the deficient diet alone. Neomyo 636  CHOLINE DEFICIENCY CrRR]~OSIS 
cin feeding clearly did not promote growth in this group since the maximum 
weight reached was similar to that observed in the other groups and occurred 
at approximately the same period of time. However, neomycin supplementation 
did prevent weight loss: less than 10 per cent of the animals in this group ex- 
hibited a  decrease from their maximum weight. Addition of endotoxin to the 
deficient diet along with neomycin supplementation (DNE) cancelled the pro- 
tection afforded by neomycin alone. The percentage of animals showing a weight 
loss  in this group  (50  per cent)  approximated  that observed in the  choline- 
deficient group (D). 
TExT-Fro. 2.  Duration 350 days.  Cirrhosis  was considered as an increase in portal fibrosis 
with interlacing fibrous connective tissue,  pseudolobule formation with moderate to severe 
fatty metamorphosis;fibrosis,  as an increase in portal connective tissue  and fatty  metamor- 
phosis in the absence of pseudolobule formation; fat,  as moderate to severe fatty metamor- 
phosis with minimal increase in portal connective tissue. 
At necropsy, the enlarged yellow nodular liver characteristic of choline de- 
ficiency was typical of the group fed the chollne-deficient diet alone or with 
endotoxin (Fig. 1). In contrast, the liver, normal in the gross, from a neomycin- 
supplemented, choline-deficient rat is depicted alongside. This was noted in two 
animals from this group while another three exhibited only slight pale discolora- 
tion of the liver. Addition of endotoxin to the neomycin containing choline- 
deficient diet negated the protection. In the gross,  the livers of animals in this 
latter group were similar to those fed only the choline-deficient diet. 
Histologic representatives from each group are shown in Figs. 2 to 6. Mallory 
trichrome stain  (Fig.  2)  of the  control  animal showed essentially a  normal 
lobular architecture with no increase in portal connective  tissue. The typical 
histological picture of choline deficiency cirrhosis with marked increase in portal 
fibrosis,  pseudolobule formation, ceroid pigment,  and  moderate  fatty meta- 
morphosis is shown in Fig. 3. A section representative of the group fed a choline- S.  A.  BROITMAN, L.  S.  GOTTLIEB~  AND  N.  ZAMCltECK  637 
deficient diet  supplemented with neomycin is  shown in  Fig.  4.  Most  of the 
animals in this group developed a moderate to severe fatty metamorphosis but 
little or no fibrosis or cirrhosis. Histological sections typical of the group fed a 
choline-deficient diet with neomycin but which was further supplemented with 
endotoxin is shown in Fig. 5. In contrast to the animals fed neomycin without 
endotoxin most of the animals developed a severe nutritional form of cirrhosis. 
A graphic summary of the histological findings is illustrated in Text-fig. 2. 
In the group fed the deficient diet alone (D) moderate to severe fatty meta- 
morphosis was a constant finding in all animals. Of these, 67 per cent exhibited 
fibrosis and 56 per cent had frank cirrhosis. Addition of endotoxin alone to the 
deficient diet (DE) yielded similar results. When neomycin was added to the 
TExT-FIG.  3. Duration of study 250 days. 
diet (DN), fatty metamorphosis was observed in only 80 per cent of this group. 
This was accompanied by a  reduction in the percentage of animals developing 
fibrosis (28 per cent) and cirrhosis (17 per cent). The protective effect of neo- 
mycin was cancelled by endotoxin supplementation (DNE). In this group the 
histological changes were similar to those fed the deficient diet alone; 86 per 
cent exhibited fibrosis and 50 per cent had cirrhosis. 
An interval of 6 months was interposed between the 2 studies during which 
time no antibiotic feeding studies were performed. Cages which housed anti- 
biotic-fed animals  were steam-sterilized and replaced into general circulation 
in the animal farm. This precaution was considered necessary tQ delay the emer- 
gence of neomycin-resistant organisms in the intestinal  flora. The protocol of 
both studies was identical, except that the concentration of endotoxin utilized 
was reduced to 1 mg per cent and the duration of the study was limited to 250 
days. The findings in this study (Text-fig. 3) were essentially the same. Neo- 
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against the development of fibrosis, and hepatolipogenesis also appeared to be 
lessened. This protection was also negated by 1 mg per cent S. typhosa endo- 
toxin. 
Fat Balance Studies.--Results of fat balance studies are shown in Table III. 
No significant differences were observed in either food intake or fat excretions 
between control and deficient groups with or without neomycin. 
TABLE  III 
Fat Balance*  Study  on Animals Fed Choline, Choline Deficient  and  Neomycin 
Supplemented  Diets  (150 Days) 
Group  No. 
C  6 
CN  6 
D  I0 
DN  10 
Mean daily 
food intake 
gm 
19.2 -4- 2.8, 
21.5  4.4- 5.2 
20.7  4- 1.1 
19.3  4. 3.4 
Mean daily 
fat intake 
gm 
5.4 ::1= 0.8 
6.0 4.  1.4 
5.8  -4- 1.0 
5.4 -4- 1.0 
Mean daily excretion 
Fatty acid 
gm 
0.42  4. 0.09 
0.41  "4- 0.21 
0.38 4.4- 0.13 
0.27  4. 0.12 
Neutral fat 
gm 
0.21  4.4- 0.09 
0.21  4.4- 0.08 
0.23  -4- 0.06 
0.23  4. 0.I0 
Total 
gm 
0.63  4.4- 0.09 
0.62  -4- 0.09 
0.61  4.4- 0.17 
0.50 -4- 0.16 
Mean of 
fat intake 
excreted 
#er cenl 
10.9 ~- 5.1 
10.0 -4- 2.5 
10.3  4- 2.4 
9.2  -~-  2.6 
*  3-day period. 
Standard deviation. 
DISCUSSION 
The observation that antibiotics were effective in delaying the development 
of experimental cirrhosis in rats was first reported within the last decade (1, 2). 
The mechanism of this action, however, is still uncertain. In the light of similar 
protection by  numerous  chemically  different  antimicrobials,  it is generally 
agreed that the protection conferred is mediated by neither direct lipotropic nor 
direct metabolic action. The vitamin B12-sparing and  protein-sparing effects of 
antibiotics, known to promote growth,  have been suggested as one ~ctor pro- 
tecting against the onset of fibrosis. While growth promotion has bee n observed 
in young rats supplemented with neomycin (7), this has been minimized by the 
use of adult animals in the present study. The mean final weight of animals fed 
a  choline-deficient diet supplemented with neomycin was greater than that of 
animals  fed  the  deficient diet alone.  This was  a  consequence of the greater 
weight loss by the latter group and was related to the severity of the liver dis- 
ease. 
The possibility of impaired fat absorption resulting from prolonged neomycin 
administration (8) was considered. However, fat balance studies revealed no ab- 
normalities in fat absorption. 
The sparing of lipotropic substances as a result of neomycin-induced altera- 
tion of the intestinal flora cannot be ruled out. A small percentage of the choline- 
deficient, neomycin-supplemented animals  developed only minimal  fatty in- 
filtration. This decrease in hepatolipogenesis was more apparent in the short S.  A.  BROITMAN,  L.  S.  GOTTLIEB,  AND  N.  ZAMCHECK  639 
term study which was  terminated prior  to  the development of cirrhosis.  A 
choline-sparing effect of neomycin is suggested, but its  cancellation by oral 
endotoxin implies either an increased requirement for choline in these animals 
and/or a  possible role of endotoxin in the development of fatty livers in this 
study. 
Neomycin supplementation protected  against  the  development of fibrosis 
and cirrhosis as reported previously (1-4).  The addition of oral endotoxin to 
neomycin-fed animals apparently cancelled this protective effect. Whether this 
was indeed a cause-effect relationship or whether the negation of protection was 
mediated by still other alterations of the intestinal flora, although unlikely, 
remains to be ascertained. 
The livers of choline-deficient animals supplemented with endotoxin were no 
worse histologically than those of animals fed a  choline-deficient diet alone. 
Furthermore, 1 rag per cent and 6 mg per cent of oral endotoxin were equally 
effective in cancelling the protective effects of neomycin. The following interpre- 
tation is consistent with these observations: (a) Endotoxin, or products thereof, 
contribute to liver damage in the choline-deficient animal and the source of 
endotoxin in the normal animal is the intestinal flora. (b) Neomycin protects 
against liver damage by reducing that segment of the intestinal flora, at least 
temporarily, which serves as a source of endotoxin. (c) Replacing this endotoxin 
by oral feeding in the neomycin-fed animals overcame the protective effect of 
neomycin and again led to liver damage. (d) Increasing the oral dose of endo- 
toxin seems not to enhance the liver damage, presumably because of limited 
intestinal absorbability. 
Ravin et al.  (9)  have suggested that the absorption of endotoxin from the 
gastrointestinal tract may be a continuous but not necessarily constant process 
in  the  normal  animal.  Using  both  antigenic  and  isotopic  techniques,  they 
demonstrated that approximately 1 per cent of the dose of endotoxin adminis- 
tered by stomach tube to rabbits, traverses the intestinal barrier and can be 
demonstrated in a detoxified state in the liver as well as in other organs. 
Blockade of the reticuloendothelial system or hypovolemic shock markedly 
reduces detoxification of endotoxin (10, 11). Nutritional factors as well appear 
to play a role. As shown by Rutenberg et al.  (12), bacterial clearance from the 
blood occurs at a normal rate in choline-deficient cirrhotic rats, but destruction 
of organisms in the RES is considerably delayed. Decreased protein intake was 
shown by Dubos and Shaedler (13)  to increase susceptibility of mice to both 
bacterial infection and to endotoxin. They also concluded that the nutritional 
status modified the ability of the host to resist the toxic effects of pathogens 
rather than affecting the pathogen per se. In addition, they showed that defi- 
ciency of amino acids such as lysine and threonine impaired the ability of mice 
to recover from experimental endotoxemia (14).  From the foregoing, it is rea- 
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endotoxin normally crossing the gut may be impaired in experimental choline 
deficiency. While endotoxin appears to play a role in the development of fibrosis 
in experimental choline deficiency the mechanism is not readily discernible. 
Whether these findings are allied to the stimulatory effects of endotoxin in the 
collagen deposition observed in repair of experimental wounds (15,  16) awaits 
further clarification. 
Of interest are recent studies (17) in which germ-free rats developed hepatic 
cirrhosis faster than their conventional counterparts  when fed a  choline-de- 
ficient diet. The authors suggested that antibiotic supplementation of conven- 
tional animals retarded the development of fibrosis by favoring a  segment of 
the intestinal flora population which produces an  "anticirrhosis factor." At 
least one alternative explanation is suggested by the present study. The germ- 
free animal has been observed to have greater susceptibility to toxic effect of 
endotoxin than conventional animals. And to date the occurrence of pyrogen 
in diets fed germ-free animals is an uncontrolled variable. In view of the present 
findings, the possibility arises that even minimal quantities of pyrogen in the 
sterile diet may contribute to the increased severity of cirrhosis observed in 
these animals. 
S~RY 
Two  groups  of adult rats fed a choline-deficient  diet supplemented  with 
neomycin in their  drinking water for  250 or 350 days were protected against the 
development of  liver  fibrosis  and cirrhosis.  At the termination of  thc study these 
animals weighed more than others  not receiving  neomycin. This difference  in 
weight did not appear to be caused by a growth-promoting effect  of neomycin 
but rather  reflected  the increased  severity  of  liver  disease  and a resultant  weight 
loss  in animals not receiving  neomycin. Protection by neomycin was cancelled 
when Salmonella  typhosc  endotoxin was added to the drinking water. It was 
concluded that the protective  effect  of  neomycin was mediated by an alteration 
in the intestinal  microflora  resulting  in  a reduction in the numbers of  organisms 
contributing to intralurninal  endotoxin. In the presence of choline deficiency, 
absorption of intraluminal endotoxin may contribute to the development of 
fibrosis  and cirrhosis. 
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EXPLANATION OF PLATES 
PLATE 66 
FIG. 1.  Representative livers from groups DN (left)  and I) (right). After 350 days 
of choline-deficient diet, the liver is enlarged, yellow, and coarsely nodular in contrast 
to the normal appearance of neomycin supplemented choline deficient liver, 
FIG. 2.  Group C. Normal histologic section of liver of choline-supplemented control 
group. Mallory trichrome.  X  75. TI-I'E JOURNAL  OF  EXPERIMENTAL  MEDICINE  VOL. 119  PLATE  66 
(Broitman et al.: Choline deficiency cirrhosis) PLATE 67 
FIG. 3.  Group  D.  Section of liver  of choline-deficient animal  showing extensive 
fibrosis with  pseudolobule  formation  and  fatty metamorphosis.  Mallory  trichrome. 
X 75. 
FIG. 4.  Group DN.  Section of liver of rat fed choline-deficient neomycin-supple- 
mented  diet,  showing moderate  fatty metamorphosis  and minimal fibrotic  changes. 
Mallory trichrome.  X 75. THE  JOURNAL  OF  EXPERIMENTAL  MEDICINE  VOL.  119  PLATE  67 
(Broitman et al.: Choline deficiency cirrhosis) PLATE 68 
FIG. 5.  Group DNE. Section of liver of choline-deficient neomycin- and endotoxin- 
supplemented rat illustrating the cancellation of the protective effect of neomycin. 
The section shows the histologic changes typical of choline deficiency cirrhosis. Mallory 
trichrome.  X  75. 
FIG. 6.  Group DE.  Section of liver of rat fed choline-deficient diet supplemented 
with endotoxin. Section shows interlacing connective tissue with pseudolobule forma- 
tion and marked fatty metamorphosis. Mallory trichrome.  ×  75. THE  JOURNAL  OF  EXPERIMENTAL  MEDICINE  VOL.  119  PLATE  68 
(Broitman et al.: Choline deficiency cirrhosis) 